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. AD- 7643

MEMORANDUM

To: All Authorized Recipients of the DNA Reaction Rate
Handbook (DNA 1G48H)

From: 'The Editors

Enclosed herewith you will find a copy of Revision Number 1 to
the Handbook. It comprises:

1. Revised interim version of Chapter 2.
2. Revised pages applicable to Appendices A, F, and G.

You should immediately substitute the enclosed items into your copy
of the Handbook, discarding the corresponding pages which they re-
place.

You should also enter on page iil in front of your Handbook the
following information: Revision No. l; Date of Issue- November
1972; Date of Receipt- whatever day you receive this, and sign

vour namme in the last colurun,

Revision Number 2 is expected to be issued during the late spring or
early summer of 1973, Thank you for your patience and cooperation.
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2 THE NATURAL ATMOSPHERE:
' ATMOSPHERIC STRUCTURE
K.S.W. Champion, Air Force Cambridge Research Laboratories

(Latest Ravision 16 March 1972)

N. B.: This chapter is not ready for publication. as of the latest re-
vision date, cited above. However, the author has suppiied
selected reference data for the use of other authors elsewhere
in the Handbook, and those authors therefore are enabled to
cite Chapter 2 as the scurce ot the information thus utilized.
Chapter 2 will te prepared and distributed to authorized re-
cipients of the Handbook at an early date. In the meantime,
readers are encouraged 1o refer to the predecessor chapter
by the same author in the First Edition of the Handbook, to
other chapters in this IKdition (numbers 4, 5, 13) in which
dala supplied by Dr. Champion are used as noted above, and
to two papers® presented by Dr. Cham:pior and his co-workers
at the Fourteenth COS5PAR Meeting, Seattle, Washington,

: June 1971, One of the two preprints referenced below is in-
cluded herewith, in expanded form, «s an interim version of
Chapter 2,

“Champion, Ko5.W., 7 The I'ropertics of the Neutral Atmosphere'”,
Paper RO5; Champion, .5 W, , and R, A, Schweinfurth, " The

Mean CO5PAR Internativnal Reference Atmosphere”, Paper FL2Z,
Fourteonth COSPAR Meoting, Scattle, Washington, June, 1971,
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THE MEAN COSPAR INTERNATIONAL
REFERENCE ATMOSPHERE

K.S, W, Champion and R, A. Schweinfurth
Air Force Cambridge Research Laboratories
Bedford, Massacuusetts, U.S, A,

This contributed paper has been prepared
for presentation at the Fourteenth COSPAR
Meeting, June 1571 in Seattle, Paper F. 2,
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THE MEAN COSPAR INTERNATION: L
REFERENCE ATMOSPHERE

K, 3. W, Champion and R, A, Schweinfurth
Air Foreo Cambridge Research Laboratories
Dedford, Massachusetts, U. S, A,

1. INTROZUCTION

The new mean atmosphere has heen developed for the altitude
range 25 to 500 km. The basis of the reference atmosphere is as
toliows:

Between 25 and 75 km the model represcnts innual mean condi-
g ' >
tions for latitudes near 307,

Between 120 and 500 km the model correspoads to diurnal, sea-
scnal, and semiannual variation average conditig’ns for a latitude
near 30° and a solar flux F of 145 x 1022 W/ /"2,

Between 75 and 120 km a model has been developed which pro-
vides a smooth connection between the lower and upper szctions of
the mein atmospbhere,

In additicn, a basis is suggested for extending the mode! from
25 km to ground-level,

[t should be noted that throughout the Mean Reference Atmosphere
the same formula {appropriate to a latitude of 30°) has been used for
the acceleration due to gravity.

This atmosphere contains temperature, density, pressure, d_nsi-
ty and pressure scale heights, mean molecular weight, cdensities of
major constituents, and rotal nummber densities,

The reasons for providiag a Mean Reference Atmosphere are two-
fold:

{1) For many computations it is unnecessary to include a variety

of atmospheric conditions and it is sufficient and 2conomical
to use a single typical model o1 the atrmosphere.

2-4 Revision No.l, Navember 1972
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CHAPTER 2

{2) The respective low and high altitude models of the Reference
Atrmmospheres are functions of different parameters and do not
match at 110 km., Thus, if computations are to span this al-
titude it will, in gencral, be most satisfactory to use the mean
model,

2. MODEL BETWEEN 25 AND 75 km

The data used to develop this model were the annual mean pres-
surc value at 25 km at 307 latitude and the annual mean temperature
values at 30° latitude at 5 km intervals starting at 25 km derived
from Groves _1]. The actual values are as follows:

3 2
Pressure at 25 krn: 2.483 x 107 newions/m

Altitude {(km) 25 30 35 40 45 50
Tewmperature {K)}) 221.7 230.7 241, 5

)
(]

5.3 267. 7 271.6

Altitude (km) 55 60 65 70 75
Tempecrature () 263.9 249, 3 232.7 216, 2 205.0
Starting at 25 km the atmospheric properties were computed using

the follow.ng equations. Simpson's Rule was used to integrate numeri-
cally the pressure equation:

M, zZ

p = p) &xp I" = fz gdz/ Ty o)

L 1

where: p, = pressure at reference altitude 7
p = pressure al altitude 2z
M, = sca level value of mean molecular weight = 28, 96
R universal gas constant = 8, 31432 x 107 ergs K1 gmole"l
g = acceteration due to gravity
TM = molecular-scale temperature
Mo

TM = —;{;]—T . (23

Revision No.i, Novemper 1972 2-5
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where M = means molecular weight
T = kinetic temperature,

The total density was calculated from the relation;

£
o

_ P _
P*RT ™ BT (3)

As the aiin of the computations was to derive a model for the al-
titude region 25 to 500 km using a single expression for the accelera-
tion due to gravity the exprassions used respectively for the low and
high altitude @ odels were investigated, Unfortunately, neither for-
rnula was adeqguate. The formula usz2d by Groves was the same as in
CIRA 1965 and was sufficient in all respects except that its accuracy
at high altitvdes was not acceptable. The error was 1 in 107 at 200
km, 4 in 107 at 300 km, and increased rapidly with altitude. On the
other hand, the expression used by Jacchia [2] is valid only for a
latitude near 45° {45°32'33"), The problem: was solved by adding
another term to the expression used in ClRA 1965, The basic ex-
pression due to Lambert (3 includes dependence on latitude @ :

s

g = g® - {3.085462 x 107° + 2.27 x 1077 cos 20)z

(7254 x 10713 4 1,0 x 1073° cos 28)22
1 ~ 2 2

-{1.517 x 107"+ 6 x 107°% cos 2@z m/sec {5)

where z is in meters,
The form applicable to 307 latitude is
g = 9.79324 - 3. 086597 x 1070 2+ 7,259 x 10713 ,2
- 2
- 1,520 x 10717 23 m/sec” . (6)

2"6 Revision Mo.i, November 1372




CHAPTER 2

o 3. MODETL BETWEEN 75 AND 120 km

The model in this region has to provide a transition between the
low altitud. model based on Groves' data [!] and Jacchia's high al-
titude moa=1s {21]. Jacchia's models start at 30 kmm and Groves’
models extend to 110 kny and they are rot only different but they are
functions of different parameters., Qbviously a compromise must be
devised,

As a starting point a temperature profile had to be chosen. As
inputs for this it is interesting to compare tne values from several
models given below:

Temperature (T K)

e
Al(::;‘;“ Ussltgdﬁgt"‘ CIRA 1965 Groves®* Jacchia
Y 180. 65 186.0  197.3 -
90 180. 65 186. 0 189, 0 183.8
100 210. 65 213.0 215. 1 203.5
110 260.°5 263.0 284. 0 265.5
- 120 360. 65 380, 7 ; 380. 6

se . & .

*Average annual values for 307 latitude converted from
kinetic temperatures using the values of M in
reference {1,

+Average values for 45° latitude from model with 1000 K
exospheric temperature using the values of M in
reference (2] to convert the kinetic temperatures,

ol S g R L S e S Pt
I O e e et

YA

Two pcints should be noted. One is that Groves' temperature at
€0 km 15 substanticlly highéi thaw thal in oiber models. The second
is the differences beiween the temperatures of the Groves and Jacchia
models, A further constraint on the temperature profile used in this
altitude region is that it must yield a specified density value at 120 km.

The values determined for the molecular-scale temperature (’I‘M) are:
Altitude (km) 50 90 100 110 120

Temperature (TM, K) 1950 183. 8 203.5 265, 5 38G. 6

The adjustments in the temperature profile were made between 75
and 30 km.

2-7
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Composition was calculated for this region by J. D. George using
the techniques of George, Zimmerman, and Keneshea {4], which in-
clude the effects of cliemistry and atmospheric dynamics,

The equations used are a systemn of mass and momentum conser-
vation equations givan helow for the i'th species:

' a{n.u,
dn..l L(nl\ 1] aw.l
- = F, - n.R, - _ (7
at £ dz Az
du. 3n,

1 -kT 1 1 13T 1
—_— —— (—-—--+—-,--—-—+—— - Iv,iC., (8)
at my n. Az T 3z H. 27711

AN i
where:
n, = the concentration of the i'th species
u = the mean veloc.ty of the i'th species
= V. +1
i

V_1 = the diffusion velocity of the 1'th species
i = the mean mass velocity
t = time
z = altitude
F,1 = chemical formation rate of the i'th species
n,R.l = chemical removal rate of the i'th species
3
k = Beoltzmann constant
m, = mass of the i'th species
H, = scale height of the i'th species

1
ni[N?JC,1 is proportional Lo the frequency of collisions

) between N, and the i'th species.
¢; 15 the turbulent rnixing flux for the i'th species given by:
N ( T,

= - A = = =

wi t] o=z 1V 7 H , {9)

2-8
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where K¢ is the turbulent diffusion ccefficient and Hm is the scale
hetght of a species with the mean mass,

At the lower boundary at 75 kin NZ‘ 02, Ar, and He were assumed
to have the same mixing ratio as at ground level takea from the U, S,
Standard Atmosphere, 1962. At this boundary the species Cani O3
were chemically determinzd by:

N
on

= F; -nR, . 10)

@I
I
o

-

Aithough not printed in the tables the following species were in-
cluded in the computations and their densities determined: HyO
(ground level mixing ratio at 75 km), OH, H. H;, HO,, und Ha0,
{chemically determined at 75 km},

The mean velocity (u;) was assumad to be zero for all species at
the upper boundary at 120 km, The turbulent flux for all spacies is
also zero al that altitude since the assumed turbulent diffusion ¢oef-
ficient K, is zero above the turbopause at 100 km. The concentra-
tions of NZ' 02’ O, Ar, and He were fixed at the upper boundary at
the values for the high altitude portion of the model. The remaining
species were assumed to be in diffusive equilibrium,

Since a diurnally varying solar flux was used with equations (7),
(8}, and (9} periodic solutions are obtained. The solution was con-
tinued for 32 problem days for a latitude of 30° N using a fixed de-
clination angle {0° or equincx) resulting in a periodically varying
zznith angle. The choice of 32 days wa<« arbitrary but did result in
adequate accuracy. The variation in the densities of all species wus
less than one part per thousand from no.:n of dav 31 to noon of dav
32. The mean profiles presented here wer« obtained by averaging
over the final 24 hours at 15-minute intervaels. One of the constraints
of the solution was to maintain a fixed melecular scale temperature
profile. The kinetic temperature profile was derived uvsing the solu-
tiou mean molecular weight. The kinetic femperatures were used to
compute the Nj concertratinns in the diffusive equilibrium regicn
from 101 to 120 km. A transi‘ion {ror diffusive eguilibrium at 101
km to mixing at 99 km was made using a cubic to represent loglo[NZ].
Below 99 kmn, the mixing region for Ny, the initial Il profile was
not changed.

Revision No.d, Movsinoe: 1872
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In performing the computations the variation with temperature of
the reaction rate constants R-1 was included, as well a3 the effects
of absorption by the Oy and O5 column densities un the dissociation
rates by solar ultraviolet radiaton. The finite difference analogues
used are essentizlly those given by Shimazaki [ 5] with modifications
as cited by George, Zimmerman, and Keneshea [4]). However, the
techniqne used is modified in that the equations are treated as fully
irnplicit throughout the solution. This approach should preserve the
conservatioa cf atoms within the soiution altitude region (75 to 120
xm) with the exception cf the loss of atoms through the lower boun-
dary.

4. MODEL ABOVE 120 km

The exospheric temperature was calculated to correspond to
average diurnal, seasonal, semi-annual, and geomagnetic conditions
for 30° latitude and a solar flux of 145 x 10" W/m&/Hz. The te-
sultant exozpheric temgperature is 1000 K.

Jacchia's models were recomputed from 90 km upwards usiry the
expression for g given in equation (6). This results in a chaige in
the total density and numbes densities of the constituents at higher
altitudes. The densities were then changed (at all altitudes) so that
at 120 km they matched the density computed for the intermediate
altitude model. Thesc densities are very close to those of the 1200 K
Jacchia model at 120 km as shown imme.diately below, but are slight-
ly different at other altitudes.

Altitude (km)  Temp (K) Log [sz(m"3) Log [Oz](m"'?')

120 234, 5 17,5789 16,7358
Loy fOf(m'3) Log ;Al':(rn'j) Log r_'ch"(m"_"i,l M
?."1532 15,1732 13,5376 25. 45
Density (kgm™>)
2.438 x 1070

Above the turbopause (assumed to be at 100 k) the rnumber den-
sities of each individual species n; were computed by integrating the
equaticn for diffusive equilibrium:

2*}0 Beviston No.l, Novamber 1972
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where €. is the thermal diffusion coefficient taken to ke -0, 38 for
helium and zero for other constituents,

5. MEAN REFERENCE ATMOSPHERE

B et b

The properties of the Mean Reference Atmosphere are presented
in Tables 1-4. Table 1 contains values of molecular scale tempera-
: . ture, density, log density, pressure, log pressure, number density,
pressure sc.le height, and acceleration due to gravity over the alti-
tude range 25 to 120 kin/* Table 2 contains values of kinetic tempera-
ture, mean molecular weight, and log number densities of Nj, 05,
O, Ar, He, and O3 over the altitude range 75 to 120 km. Densities
of O and O3 are not presented below 80 km because at these altitudes
their diurnal variation is so large that average values would have
litile significance. The O3 densities presented are for noon. In
Table 3 are given molecular scale temperature, density, log density,
pressure, log pressure, pressure scale height, and acceleration due
to gravity for the altitude range 120 to 500 kim. Table 4 coutains the
corresponding values of kinetic temperature, mean molecular weight,
number density, and log number densities cof NE-‘ 02. O, Ar, and He
for the altitudes 120 to 500 km,.

The properties of the Mean Reference Atmosphere are illustrated
in Figures 1-7. Figure l shows the pressure scale height as a func-
tion nf altitude. Figure 2 shows the kinetic temperaiure (T) and the
motecular-scale temperature (Tpg}. Figure 3 contains the kinetic

#The Mean TIRA hac heen develaned for the alritude range 25 tn 500
km. At 25 km the Mean CIRA values are almost identical with
those of the U!S Standard Atmosphere Supplements, 1966 midlatitude
spring/fall model. Thus the values in Table 1 can be extended to
ground level by using the numbers in Table 5.1, page 117 of the
Supplements. If an exaci match is required for a given parameter,
e.g., temperature, density, or pressure, tiher the Mean CIRA 25-
km value can he matched to the Supplement value slightly above
25 km (25,15 km for temperature) and then the Supplement altitude
values scaled accordingly. Physically this can be justified because
different g values were used in developing the two models (45° N
and 30°N values for the Supplement and the Mean CIRA, respectively).

Revision No.l November 1972 2-11
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temperaiure of the mean atmosphere plus curves indicating low ex-
treme and high extreme temperatures whose frequency of occurrence
is one per cent or less, The extreme curves attain exospheric tem-
peratures of 550 and 1900 K, respectively. The pressure curve for
the Mean Atmosphere is shown in Figure 4, Low extreme, high ex-
treme and mean density values are plotted in Figure 5, Above 180
km these curves correspond to the temperature profiles in Figure 3,
The mean molecular weights for the mean atimosphere are plotted in
Figure 6. The corresponding number densities of N>, 02, Q) O, AF,
He, and H are shown in Figure 7.

To illustrate very large scasenal variations, Figure 8 contains the
mean June-July temperature profile for 80°N and Figure 9 the mean
December~January temperature profile for the same location. These
profiles are based primarily on data from Heiss Island and are from
Reterence[6], At 50 km the temperaiures range from 279 K in sum-
mer to 247 K in winter, compared with the mean reference value of
271.6 K. At 80 km they range from 177 K in summer to 218 K in
winter, compared with the reference value of 195 K.

Figure 10 contains the mean CIRA ternperatures, median warm
temperatures and those exceeded 10% and 1% of the time and, simi-
larly, median cold ternperatures and those above which 90% and 99%,
respectively, of the temperatures lie. The extreme temperature
profiles are a revised version of those in Reference 77, The cor-
responding density curves are shown in Figure 1!. In general, the
mean atmosphliere values are in excellent agreement with the other
curves.
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APPENDIX A

Designation in Figure 16-2, for work of bardsley, Reference
16-28 (16).

Power of the pre-c¢xponential thermal dependence, a charac-
teristic term or t'.2 rate-constant function {19).

Magnetic field strength {21).

Indexing use: target species (15).
Designation for Birge-Hopfield system (9).

Comparison real function plotted in Figure 21-2, from
Reference 21-4, assuming j=0 and U(€}=v0 (21).

Designation in Figure 20-6, for work of Bauer and Tsang,
Reference 20-143 (20}.

Real function plotted in Figure 21-2, from Equation 21-5
{21},

FPower of the pre-exponential thermal dependence, a charac-
teristic term ~f the rate-constant function (6, 16, 19, 24).
Parameter defined in Equation 15-10 {15},

Impact parameter {15).

Indexing uses: bound state of species (8).
trajectory point {15}.
impact parameter (15),
colliding species in the Firsov model (15).
magnetic field (21).

Interaction cr capture radius {15},
Capture probabiiity {15},

Indexinguse only; buovancy subrange {3}.
Cut-off radius (15),

Designation for unspecified chernical species {6, 19, 20).
Linear slope in a Boltzmann system (6).

Designation in Table 9-5, for chemical association process

{9).

A-3
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C Designation in Table 15-2, for fast-particle detection(15).
'd
{cont'd) o stant =3.49 in the Thomas theory (15).
Least-squares fit constant {16},
Ci Collision proportionality constant for species "i' (2).
g (X} Integral function of X used in Equation 21-5 and explained
P and tabulated in Reference 21-28 {21j.
o Speed of sound {3}.
Speed of light {4, 7, 11},
Activation temperature of chemical reacticn, a characteris-
tic term of the rate-constant functicn {6, 19, 24).
Indexing uses: chemical change {3).
chemical energy {3).
cyclotron{7).
cone {7),
collisional (20).
T Mean thermal speed (3).
Ej Mean thermal speed of species ''j'" {3).
€y Speed of sound in unperturbed medium (3},
col -ndexing use only; celumn (1]},
crit Indexing use only; critical value (3).
c, Specific heat at constant volume per unit mass (3).
ey =luml? na,
J
D Effective diffusion ceefficient (3).
Dissociation energy (4).
Distance from nuclear burst measured along surface of
earth (5).
Designation for unspecified chermical species (6).
Designation in Table 15-2, for slow-particle detaction (15).
L.east-squares {it constant {16),
A4 Revision No.1, November 1972
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Activation energy for collisional excitation (X-4) reaction
{20).

= MRZ(Eill?:. 6)2 . in the me hod of Fleischmann, Dehmeil,
and Lee (15).

Kinetic energy of incideat ion before collision (15},
Kinetic energy of incident ion after collision {15]).

lonic or electronic charge {7, 11, 15, 21).
Designation in Table 9-5, for photoelectron process (9).

Indexing uses: energy equation (3}).
electron (4, 5, 7, 8, 11, 16, 20, 21, 22, 24),
electronic transition (11}.
bound electron (15),
electron acting as third body (16).

Indexing use only; eddy (3).
Indexing use only; effective (9, 15).
Indexing use only; excitation {4, 11).

Sclar flux at 10. 7-cm wavelength {5).
Designation in Table 9-5, for fluorescence process {9).
Free energy {10).

Fraction of opticaliy active molecules under irradiation,
whi  are radiatively excited per second (11}.

Designation on Page 18A-8, of wurk of Ferguson, from
Reference 18A-9 (18A),

Designaticn on Page 18A-9, of work of Fehsenfeld et al,
from Reference 18A-40 (18A).

Mean solar flux (2).

Total external force per unit mass (3),

Miscellaneous external forces acting on atmospherc {3).
Externzl force per unit mass on species ""a' {3).

Chemical formation rate of species "i" (2).

Revition No.i, November 1372 A-7
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F{k)

Turbulent power spectrum, in wavenumber space (3).

F(k)Kolm F(k) in the inertial subrange, according to Kolmogoroff's

A-8

Law (3).

Oscillator strength or "f-number' of transition (11},

Range of reciprocal electron densities over which a linear
variation with time is obtained, to within cne percent (16),

Indexing uses: {luorescence (11},
final (11},

Resonant frequency {7).

Fraction of collisions having relative velocities between v
and v+dv {6).

Fractional atmospheric concentration of species "X'' (4).
Electron energy distribution function {Z1).
Fractional energy loss per cotlision (21).

Propability for separation distance-"{" between two parti-
cles {2,

Designation in Figure 16-2, of work of GGunton and Shaw,
from Reference 16-7 (16).

Gravitational acceleration (2, 4).
Production rate fac*~~ (5,
Statistical weight {11},

Indexing use: gas-kinetic (21).
Gravitational force per unit mass (3).
Indexing use only; gas-kinetic (16).
Statistical weignt of ionic ground state {11),

Statistical weight of a recombining level "n/'" (11},

Revision No.|, November 1972
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: gn(u) Statistical weight of a recombining level in a hydrogenic

‘: species (11).
;I g{X) Electronic statistical weight of speci~c "X (4).
P . [ o1
; g{y) Firsov model parameter = |y - 11 (15).
1
1 b Atmospheric scale height (3).

Magnetic field (7).

Scale height of atomic oxygen (9).

1 Enthalpy (10, 17, 19).

&

: Total Hlamiltonian {15).

%‘ Designation in Figure 16-1, of work of Hagen, from Refer-
3 ence 16-22 {16).

3

]

Designation on Page 18A-9, of work of Howard et al, from
Reference 18A-12 {18A),

Scale height (20),

ndexing use: hydrogen atom (15).

Ha Designation in Figure 16-1, of work of Hackam, from
Reference 16-19 (16},

HCE Designation for Handbook Committee Estimate (24),

21 Scale height of species "i" (2).

H Scale height of species having mean mass (2.

I-ip Pressure scale height (2).

H{X) Scale height of species "X'" (4).
h Planck const=nt (3, 4, 6, 7, 11, 17, 19, 20, 24).
Altitude (4, 5).

Indexing use: altitude (4).

£ Modified I“lanck constant, h/27 (11, 15).
h. = (@i, V'b$i)
(15).
., = , VvV Q.
h’.] {g)i a@J)

fevinion No.l, [Hovermbar 1972 A9
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h.. = (¢, V. 90.)
] b 1
I J (15).
b.. = a0 q
J) (9”3 Vf”ng)
Hj-I A measure of chemical effect in turbulence, from Equation
3-67a (3).
ho Turbopause altitude (4).
Indexing use: turbopause altitude (4).
horiz Indexing use only; horizontal (3).
hq Quenching height (9).
1 Ionization potential (4, 15}.
Photon flux after transmission (7).
Intensity of indicated radiation (9).
Geomarnetic dip angle (9).
Designation in Table 9-5, of ionic reaction process (9).
IC01 Line-of-sight column emission rate = line integral of Lol
(11).
ICR Designation for Jon Cyclotron Resonance (7).
IGY Designation for International Geophysical Year (9).
IH Ionization potential (13. 6 eV} of ground-state hydrogen
atom {1EY,
Im Designation for imaginary portion of function (21}.

ImAK; Imaginary portion of AK;, inthe low-frequency limit (21).

I, Photon flux before transmission (7).
I (A) Incident light intensity (12}.

P Ionization potential (1RA]),

iR infrareo.

A-10
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i
K, Turbulent diffusion coefficient (2),
®! Collisional rate {11).
K;)l Collisional excitation rate (11).
L]
KIO Collisional deexcitation rate (11},
Thermal conductivity coefficient (3).
i Degree of ionization of plasma (3).
k Wavenumber (3).
Boltzmann constant (2, 4, 11, 20, 21).
Rate constant or rate-constant function, of chemical reaction,
in the forward direction as written {6, 11, 184, 19, 20, Z1).
Total absorption coeificiznt (7).
Rate coefficieut of ion-rolecule reaction (8).
Total three-body reccmbination rate coefficient {16).
Indexing use: kinetic {4).
k Wavenumbper vector {3).
kg Upper limit of wavanumber for buoyancy subrange (3).
ki Photoionization coefficient {7).
Rate constant for inelastic scattering from species ""'i" (20).
kt’»n Rate coefficient ior Thomson recombination, three-body
ncutral-osclecula-siabilized, posilive-ion-negative-ion
recombination (16),
kin Indexing use only; kinetic {11).
k (z) First-order rate constant for photoionization of species
. "', at altitude "z (13).
Kyg Rate constant for quenching reaction where '"M" is the
quenchant (20},
kn Reactive collision frequency (20).

Hevision No.l, November 1972 A-13
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K(NO') Rate coefficient for NO¥ production (13).
= ' 2
' k =2n/L_ (3L
; kr Rate constant for reverse reaction (18A},
: kT Rate constant for a system having Maxwellian distribution
(6, 14).

Absorption coefficient (12).

T R R TRy T 1

k{+) Rate constant for formation of vibrationally exciled species
in level "v'' (11},

Aot Lo BNy

k Wavenumber directional comiponents (3).

i "“WW“, E
=
-

z
_ _ 3,174
kV Zﬂ/LV = ((L,/v ) (3).
klO Rate constant fcr deactivation of first vibrational level (20).
k3e Thr ee-body recombination rate coefficient with eleciron as
third body {16).
k3, Three-body recombination rate coefficient wirth neutral

species as third body (16},

kir Three-body recombination rate coefficient (16).
kaoo I.ate constant at 300 K (24).
K' Rate constant or rate-constant function of chemical reac-

tion, in the reverse direction as written (63,
% Boltzmann constant (3, 6).

L Designation for Lyman radiaticn {5).

Optical pathlength (13},

LBH Designation for Lyman-Birge-Hopfield system {9).

Revision Na.1, Novamber 1972
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.
3 ) I_.ij(s) Inelastic cross-section for low-energy electron in gas (21).
Lj Rate of process '"j'' leading to electron loss (16).
;
L,-l A measure of the effect of wind shear in turbulence, in
: 4 Equation $-67h (3),
1
: Lj(e) Energy loss furnction for the jth vibrational level (21).
3
E:' L, Length scale of large (turbulent) disturbances (3).
4 LT Designation in Figure 16-2, of work of Lin and Teare, from
% Reference 16-27 (16).
LTE Designation for Local Thermodynamic Equilibrium (4, 11).
'» : Ly Designation for Lyman radiation {12).
: L{e) Energy loss function (21).
k LU ILength scale of the smallest of eddies (3).
| Io. Rate of electron loss via two-body electron-ion recombina-
, tion {16).
]"31' Rate of electron loss via three-body electron-ion recom-

bination (16]).

£ Distance {3},

Charged rearrangement rate constant for negative ions (9).

Light path {12},

=

Gias-kinetic mean free path (3).

M Mcean molecular weight {2).
Gram molecular weight (3).
Reduced molecular weight (6).

Designation for third body or collisional partner {6, 16, 17,
18A, 19, 20, 24),

Reduced mass of ion-molecule reaction pair (8).
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3 . . . z
} M Projectile mass, inthe method of Fleischmann, Dehmel,

{cont'd) and Lee (15).
Designation for unspecified chemical species {17, 184, 20},
Number of density of collision partner (20).
Mass number (21).
Indexing use: molecular-scale (2).

MB Designation in Figures 16-1 and 16-3, of work of Mehr and
Biondi, from Reference 16-21 {16).

Me Designation for unspecified metallic species (11).
M.1 Molecular weight of species '"i" (2).
Mass number for an ionic species {21).
Reduced mass of ion 4+ neutral pair (21),
M Sea-level mean atmospheric molecular weight = 28, 96 (2).

M({X) Mass of species "X'" (4).

m Mean mass of an "air molecule'' (3},
Unspecified function of altitude, time of day, and sunspot
cycle (9).
Ionic mass {7, 15).
Concentration of attaching neutral species (9),

Mass of electron (21).

Indexing uses: mean-mass ().
equation of motion (3).
combining proportions (6),
molecular (9).
momentum-:~ansfer (11, 21).
number of electrons stripped (15},

m_ Molecular mass of species "a'" (3).
m_ Mass of average ""air meclecule' (3).
max Indexing use only; maximum (11).
A-16
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Mass of electron {4, 11},

Mass of bound eleciron on target atorn {15},
Mass of species "'i' {Z),

Molecular mass of species "j" {3).

Indexing use only; mutval neutralization {16).
Indexing use only; molecular (3).

Mass of incident ion {15).

Designation for north latitude (2).

Number of observations {3).

Brunt-Viisila frequency (3).

Electron concentration {9).

Number of collisions per second per molecule at altitude (11).
Total number of optically active molecules under irradiation(11).
Designation for unspecitied chemical species {16).

Molecuiar deasity {21).

Indexing use: neutral product (12},
Colurmnn density of molecules under radiative excitatien (11).
Designation for No Experimental Data {24},

Total number of optically active molecules under irradia-
tion which become excited {11).

Positive-ion density (21).
Concentration of species "j" {13},
Positive-ion concentration {4).
Density of atoimic tons (9).

Density of molecular ions {9).

Aevision Mo.l, Novomber i372 A-17
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)
; N Negative-ion concentration (9).
e n Species concentration (3).
Gas deusity {7).
Concentration of detaching neutral species (9).
lL.eve! of hydrogenic species into which recombination is
taking place f11}.
| Density of absorbing gas (12).
r": # -b for certuin recormbination reactions (19).
i Fiectron density {21),
Fi indexing uses: combining proportions (5, 6, 16, 17, 21, 24).
3 level of hydrogenic species (11).
g finai charge oninitially neutral target species (15).
3 neuiral species acting as third body (16).
: electron noise {21).
ng Number density of target species {15).
n, Electron density (4, 5, 7, 8, 11, 16, 22).

eff

Space-averaged electron density at time "'t'" (16).
Space-averaged electron density at zero time (16).

Stationary electron density long after ionizing source is
turned on {16},

Number of electrons effectively available for ionization in
tae outer shell of projectile species, in the method of

Fleischmann, Dehmet, and Lee (15).

Number density of spacies "i'" (2, 20).

Ion density (11).
Chemical removatl rate of species '"i" (2).
Number density of species ""j'" {3).

I'luctuation of nj {3).

Ravition Mo |, Novembar 1972
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i, Mean value of 0 (3).
ni A particular level into which radiative recombination is
taking place (11),

Indexing use: level into which radiative recombination is
taking place (11},

nNZ N2 species density (24).

n, Loschmidt number {7, 12).

n, Density of stabilizing agent (16),

L Total species density {4).

n{X) Species density of "X (4).

n; Vertical distribution of atomic-oxygen concentration (3).

n, Vertical distribution of molecular-oxvgen concentration (3).
n, Positive-ion density (16),

n_ Negative-ion density {16).

o Indexing uses: sera-level (2).

uaperturbed-medium (3).
reference {3),
turbopause {4).
pre-magnetic storm (5).
pre-transmission (7).
resonant {7},

Loeschmidt {7, 12).
standard-state (10),
band- ovigin (11},

atomic species (11).
incidence (12).

impact, in the Firsov model (15).
Bohr {15, 21).
collision-iree {20},
free-space (21),
energy-independent (21).
pre-integration (21).
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P(b, u)

PCA

A-20

Des:gnation on Page 18A-9, of work of Puckett and Teague,

from Reference 18A-41 (18A),

Probahility for charge transfer on collision at impact

parameter "'b" and relative velocity "u' (15},

Designation for Polar Cap Absorption (5, 9}).

[

Rat. of process

Pressure at altitude (2},
Pressure or partial pressure (3, 8, 10, 20, 21},

Indexing uses: pressure (2).
combining proportions {6).
projectile species (15}.
plasma (21},
half-integer spacing (21).

Pressure for small perturbation or fluctuation (3).
Mean pressure (3).

Partial pressure for species "a'' (3}.

Pressure nf N2 {20).

Pressure for unperturbed background (3).

Indexing use only; population (4).

Pressure at reference altitude (2).

Diffusional rate (3).

Characteristic Q-number of a resonant cavity (7).
Partition function (11).

Cross-section (15}.

Capture cross-section (15).

Source term (21).

Indexing use: quenching {11}).

Revision No.i, November 1972
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;.
E Q, Net rate of radiative heat absorpiion by species "a'' (3).
% QC Net rate of chemical energy evolution per umnit mass (3).
i Qm(e) Source term for electron raomentum-transfer collisions (21).
; Qn Specific slow-ion production cross-section (15).
i QR Net rate of radiant energy absorption per unit mass (3),
Q_ (X} Rorational partition function fc.: a rigid rotator {4).

Qv Vibrational partition function (11},
Qvib(}{) Vibrational partition function for a harmonic oscillator (4),
Q(X) Partition function of (molacular)species "X" (4).
Qibin lonization cross-section (amnbiguous term) where i=j (15).
Q?.n Cross-section for collisional charge exchange in heavy-
: ) particle collisions, where i=n+j (15).
01 . . — . :
QIO Cross-section for collisional charge exchange where i= 1
(15).
Q+ Total slow positive-charge production cross-section {15),
Q_ Electron preduction cross-section (15).
q lon-pair production rate due to beta-particle ionization of
i (B,
Electron praduction rate (9).
Bremsstrahlung radiation (11),
Electron source function (22),
Indexing use: quenching (9}.
q Total heat flux vector (3).
q, Heat fiux carried by species "a'" (3).
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at {ow energies (15).

1

a1

J
Franck-Condon factor for electronic transit.on involving

v=v' in excited state and v=v'" in ground state (11}).
Cas constant (2, 3, 19).
Designationin Table9-5, for resonance scattering process {9).

Interacticn distance, in the method »f Fleischinann, Dehmel,
and Liee {15},

Internuclear separation (15),

Indexing uses: radiant energy (3).
chemical destruction (11},

Reynoclds number (3},

Designation for real portion of function (21).

Real portion of AKi’ in the low-frequency limit (21},
Richardson number {3).

Chemical removal rate constant of species "'i" (2).
Impact parameter, in the Firsov model (15},
Indexing use only; Rydberg (11).

Irradiance incident on volume elemert (11).

Solar irradiance upon the atmosphere at center wavelength
A, of electronic transition (11).
Radius of interaction (15).

Indexing uses: radiative 1 ecombination (3, 9}.
recombination {16).
reference (16, 19},
reverse (18A}Y,

Pousition vector measured from earth center (3).

Electron positicn vector, with respect to trajectory mid-
point (15).

Indexing use: trajectory widpoint electron position vector (15).

Ravision No.i, November |42
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APPENDIX A

Desiguailvn tor 1raveling lonospheric Disturbance (3}.
Ion-kinetic temperature (17),

Effective temperatu-e of species "'j" (3).

Fluctuation of Tj (3).

Mean value of T.j (3).

Kinetic temperature (4).

Kinetic temperature (11),

Molecular-scale temperature {2}.

Indexing use only; normalization, in the method of Fleisch-
mann, Dehmel, and Lee (15).

Electron noise '"temperature' (21),
Designation for Time-of-Fligh: (7).
Population temperature (4).
Reference temperature (16, 19},
Reference temperature (24).
Rotational temperature (11).
Traneglational tomy
Vibrational temperature (4, 20, 24).
Vibrational temperature (11, 13A}),

Designation for translational-vibrational energy transfer
(11).

Positive-ion temperature {16),

A-25
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A-26

Time {2, 3, 5, 11, 15, 16, 19, 20, 21).

Indexing uses: turbulent {2}.
threshold {6).
target species (15},

Indexing use only; thermal (3).

Initial time of integration (21}.

Indexing use only; total {4},

Indexing use only; translational (20},
Potential energy of bound electron (15).
Designation for Ultra High Frequency {7).
Designation for Ultraviolet,

Speed (3).
= 2,855 8/x (11),
Relative velocity (15).

Radia! component of relativz vilocity on collision, in the
Firsov model {15},

Indexing uses: relative velocity (15).
energy exchange (21},

Mean mass velocity {2},

Velocity vector (3).

Velocity vector for small perturbation or fluctuation {3},
Mean veliocity vector (3).

Velouvity vector for species "a' (3).

Arbitrary relervence velocity (3),

Mean velocity of species "1i'' {2),

Directional components of velocity {3),

Mean directional components of velocity (3).

RAevision No.l, Novernber 1972




APPENDIX A
u lonizational impact veiocity, in the Firsov rodel (15},
uv Designation for ultraviclet,
uy Vartical component of diffusion velocity of atoinic oxygen(3).
u, Vertical component of diffusion velocity of molecular
oxygen {3},
v Volume (10},
Va(ra.} Potential centered on trajectory point (15).
Vb(rb) Potential centered on trajectory point {15).
A Diffuzion velocity of species "i" (2).
VT Designation for vibrational-translational energy transfer
{20).
V-T D.:signation for vibrational-translational energy transfer
(11).
vy Designation for vibrational-vibrat’onal energy transfer
{29, 24).
V-V Designation for vibrational-vibrational energy transfer (11).
Initial velocity (3),

Reiaiive ccllisional velocity ().
Vibretional level or quanturmn number (9, 11, 16, 20, 24),
Veloclzy 115, 21),

Inuezing uses: constant volume (3).
vibrational {4, 11, 20, 24).

v Yelocity vector (15},
v Velocity vector (15).
v! Vibrationai icvel in cxcited electronic state {11}).

Vibrational level in unspecified electronic state (20).

Revision No.!, November 1972 A-Z?
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A-28

Indexing use only; electronic transition involving two states
for which v=+v' and v=v", respectively (11),

Vibrational level in grond electronic state (11).

Vibrational level in unspecified electronic state (20).

Mean number of vibrational guanta excited in ground elez-
tronic state through fluorescence (11).

Velocity of bound electron on target atom (15).
Parameter defined in Eguation 15-11 {15).
Indexing use only; vibrational {4, 11, 18A).
Maximum vibrational level {11).

Indexing ise only; volume (11},

Velocity of incident jon {15},

FParameter defined in Equation 15-11 (15),

Designation for west {3).

Designation for unspecified chemical species (6, 10),

Designation in Figure 16-2, for work of Weller and Biondi,
from Reference 16-24 (16).

Designation for Watson-~Koontz system (9).
Electron drift velocity {21).

Designation for unsopecified chemical species (6, 9, 10, 11
14, 16, 17, 24},

Indexing v<es; chemical species (4, 8, 14),
functional {Z1),

Conceatration of species "x'" (11},

Indexing use only; chemical species for product atem which
may be in a bound excited state {8).
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1
: T4 Absorption cross-section for O, at zero atmosphere pres-
¢ sure, by extrapolation (Herzberg continuum) (12).
5
3 - 0‘ - 0 B .
E : 061 = Z 0j at low energies (15)
] J
: ch Tlectron stripping cross-section from neutrals (15).
o Absorption cross-section for O, at onc atmosphere pres-
sure (Herzberg continuumj (12).
a0 Cross-section for stripping "m'' electrons in N+ upon NZ
: impact (15).
o O’Ol in the lo nergy limit (15)
10 10 1e low-energy .
T Time for onset of turbulent dispersion (3).
Recovery time (9}.
Relaxation time, or the e-fclding time of € (20).
E Effective lifetime for collisional deexcitation {20).

TJ.(AA) Optical depth in wavelength range "AA" for species "j" (13).

To Collision-free radiative lifetime of excited species (20).

T(AA}  Optical depth in wavelength range "A X" {13,
$ Rayleigh dissipation function (3).

o _(A A} ILocal photon flux in the wavelength range "AX'" at altitude
1|Z|| fl3)‘

$.(AA) Photon flux in the wavelength range "A X" at the top of the
atmosphere (13),

©.

i Turbulent 1nixing flux for species '"i" (2).

@ Latitude (2, 3},

£.(r,)  Bound-state wavel nction for the charge state "i" at a
trajectory point {15).

éi(ﬁa’ 1} Wavefunction defined in Equation 15-18 {15},

Revision No.l, Novembaer (972 A-—37
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Bound-state wavefunction for the charge state "j'" at a
trajectory poini (15),

qﬁj(rb, r} Wavefunction defined in Equation 15-1¢ (15).

D O =

E

Total wavefunction (15},
= wor wiwbe or w:twbi (21).
Angular velocity of earth's rotation (3).

Frequency (3).
f'requency of alternating electric field (7).

Angular frequency of applied electric field (21).

= co/?.H (3).

Cyciotron frequency for electrons in a magnetic field (21).

Cyclotron frequency for ions in a magnetic fieid (21).

Angular or cyclotron frequency of orbital motion (7).

Vibrational constant (4, 11},
First anharmonic correction term (11),

Plasma resonance frequency for electrons {21).

Wind shear (3).

Numbers used as indices:

0

A-38

Reference condition (3).

Temperature of 0K (10, 19),

Zero atmosphere pressure (12).

Initial charge on neutral target species (15),
Zero time {16).

Functionai (21).

Revision No.l, November 1972
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Excitation {11).

Reference condition (2).

Atomic oxygen (3).

Molecular (3).

Vibrational level (10),

One atmosphere pressure (12).
Incident particles before cellision (15).
Cut-off (15).

Stripping, in celliision of Nt on N, (15).

Deexcitation (11},

Deactivation of first vibrational level (20).

Molecular oxygen (3).

Turbulent (3).

Vibrational level {10).

Incident particles after collision (15).

Number of eclectrons stripped, in collision of N* on N,
(15},

Two-body process (16).

Functional (21).

Vibrational level (10).

Nuruber of electrons stripped, in collision of N' on N,
(15).

Three-bhody process (16).

. . . +
Number of ciectrons stripped, in collisionof N on N

2
(15).

Temperature of 300K (24).

A-39
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@ Top of atmosphere (13).
End of trajectory (15),
Designation of long time after ionizing source is turned on
(16).
Miscellenecus symbols used as indices (where "X" is taken as an anonymous
symbol modified by eoch index):
X' Fluctuation or perturbation (3).
Miscellaneous (3)
Reverse {6).
Bound excited state (8).
Collisional (11).
Excited electronic state (11},
Ionization (13).
Secondary of a type (14).
Upper e'ectronic state (14),
For special parameter (15),

Unspecified electronjc state (20).

X' Ground electronic state (11).
Lower electronic state (14}).

Unspecified electronic state (20).

E Vector (3, 15).

Z{Z Tensor (3).

X Vector (15, 16).

X Mean (2, 3, 11, 21).
(X} Space-averaged (16, 21).
{X} Variation (3, 15).

A~40 Aevision Na.l, November 19772
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APPENDIX F
SPECIES INDEX

B

N. B, : The antries are listed by chapter and page. For instance,

the designation 5-7, 8 indicates the presence of informa-

: ’ tion on pages 7 and 8 of Chapter 5, and 5~(6-9) designates
information on pages 6 through 9 of Chapter ‘5, In a few

i . cases, a species is treated continuously throughout an

! entire chapter; when this occurs, the chapter number is
given, Where information is contained in a figure or
table, the figure number or table number is given separ-
ately {rom the chapter and page numhers, which are vsed
orly for textual reference, Certain tables are subdivided,
e, g., 1é-1into 16-1.1, 16-1,2, etc., and 24-1 into Roman
Nunieral categories, These subdivisions are included in
the designations, where applicable, for greater clarity.
Entries are listed alphabetically by standard chemical
symbol, with the added features that the invented symbol
"Me" is used to indicate metallic species generally, and
that "air'', "air ions', "electron', and '"teflon' are
entered as words, intheir proper alphabetical order.
Electronically excited states are listed either as specific
state designations {in alphabetical and numerical order)
where these are known, or by the use of the asterisk ()
to 1ndicate electronic excitation generaliy. Vibrationally
excited states are designated by the double-dagger (#).
Urless otherwise noted, all species listed are gas-phase
species. A few solids and liquids are included, and are
appropriately designated as such, viz., by the respec-
tive standard indicators (s) and (£),

T T T e R R T e I T i s e
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bzl

e

Ag Iigure 15-2.

Ag Page 15-36,

F-1
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AlO

AlO¥
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F-2

) -l L
Sl - 1 i - T e e T i T e

| A e bt LSO i
L L T R O L B A T T e AR R
TR TR RIS R N L e i Y

Pages 3-5, 33; 5-18; 7-27, 29; 17-7; 21-4, 5 (7-9),
(16-18), 2s.

Tables 11-2; 16-1, 2; 21-2, 4; 24-1 (V1.

Figures 7-8; 9-2, 3; 21-3, s,

Pages 16-21, 23,
Tables 16-1,1; 24-1 (VI).

Pages 5-13; 7-20; 15-1, 21, z9,
Figures 5-10; 15-1, s,

Pages 15-6, 15, 31, 35, 39, 44, 45, 47; 16-18; 20-18.
Table 16-1, 1.

Figure 15-4,

Page 5-19,

Pages 11-23, 25,
Table 11-1,

Page 11-25,

Pages 2-{9-12); 4-1: 16-2, 11-27, L5-21, 25,
34, 36, 37, 43; 16-14, lé, 17, 24; 17-3; 18A-9;
19-8, 9, 12; 21-5, 24.

Tables 2-2, 4; 10-1, L0; 15-1; 18A-5; 20-2, 6, 8; 24-1
(XXVI).

Figures 2-7; 4-1; 16-10; 14-10; 15-1, 2, 5.

Table 10-10,

Pages 15-31, 43: 16-1R8
Tables 10-1, 11;16-1,1.

Table 10-11,

Page 15-43,
Table 10-1,

Page 15-43,
Page 15-43,

Page 15-43,
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: +

il Cs Pages 15-37, 4l.

= Table 20-10,

! -

] D Fages 16-22, 23.

' Table 16-1, 2,

1 D Ps 16-24.

F > age 16-24
Electron Chapters 17; 21.

Pages 4-6, 13; 5-(5-8), 19; €-2, 3, (7-12), 14; 7-2, 4,
8, 11, 20, 23, 25, 27, 29; 8-(1-7), 10, 11;
9-1, 4, 6, {(8-16), 30; 11-(25-33); 12-1, 5:

: 13-1; 15~1, {5-7), 20, 25, {29-47); 16-(1-21);

- 20-3, 5, 7, 8, 10, 11, (13-17); 22-2.

: Tables &-1; 8-(1-3); 9-1, 4; 12-1; 16-1.1; 18A~4; 20-7,

1 9, 10; 24-1 {1, 11, l1, IV, VII, VII, IX, X,

g X1, XIl, XXX).

Figures 4-3; 5-9; 7-6, 7; 9-1; 14-17; lo-{1-4);20-({3-5),
(7-9).

N R R TR

F Page 17-18.
Table 17-7.
Figures 15-1, 2.

+
I Page 16-18.
Table 16-1.1.
Fe Pages 11-20; i5-1, 21, 30; 20-7.
Tasle 18A-7,
Figures 15-1, 5,
+ .
Fe Pages 15-6, 15, 32, 35, 40, 44, 4b, 4i; Z0-lo.
Tahles J8A-3, 5, 7; 24-1 (XIV),
Figures 15-3; 20-1,
FeQ Page 11-20,
Table 11-1,
+
FeO Tablas 18A-3; 24-1 (XIV).
+
FeO2 Table 18A-5,

F-7
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HCO

HNO2
HNO.

HO

o8]

1-102

HS

F-8

Pages 2-9, 12; 6-8; 7-7; 8-(6-8); 10-4; 11-15, 17:
15-1, 18, 19: 19-3, 12; 20-16.

Tables 6-1; 8-2; 9-1, 5, 6; 10-1, 2; 12-2: 18A-(1-43, 7;
19-1; 20-10; 24-1{I, IV, XIll, X1V, XV, XXIV
XXV, XXVIL.

Figures 2-7; 10-1, 10; 14-1, 3, 4, 17; 15-1, 2.

Tables 10-2; 20-10.
Figure 10-1.

Tables 9-5; 20-10,

Table 20-10.

Pages 6-8; 7-17; 8-1. 8, 9-6, 8; 10-3; 16-18, 20, 22,
23,

Tables 8-1; 9-1; 10-1; 16-1,1, 1.2; 18A-1, 3, 7, 20-10;
24-1 {1, XIII).

Figures 14-3, 4, 64, 89; 16-4,

Pages 7-17; 8-6, 7; 10-3; 16-22, 23; 17-2, 8.

Tables 10-1; 16-1.2; 17-3; 18A-2; 24-1 (XV).

Figures 10-9; 14-1, 16,

Sce FF{O+

Page 18A-9,
Tables 18A-3, 4; 24-1 (XIV).

Page 11-13,
Table 11-1,

Pages 2-9; 11-16; 19-12; 20-16.
Tables 11-1; 19-1; 241 (XII, XXIV, XXV, XXVII).

Page 17-2.
Table 18A-2,

Table 18A-2,
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! HZ Pages 2-9, 10-2; 11-31, 33; t6-17, 18, 24; 17-4;
19-4, 12; 20-16,
; Tables 9-5; 16-1, 19; 17-4; 18A-3; 20-10; 24-1 {X11,
i X1V, XXV, XXVIL).
Figures 10-8; 14-(12-20); 15-1, 2.
f t _
g H Table 20-10.
k 2
1 H; Page 16-18,
Tables 10~1, 19; 16-1.2.
Figures 14-13, 64, 89,
+F
Hz Page 16-18.
Hé Page 17-9.
+ ot
HZNOZ See NO (1—120).
HZNOj Se= NOZ(HZO)'
HZNO-‘} See NO3(HZO}.
HZO Pages 2-9; 4-15; 6-8; 9-11; 11-1, 11; 12-6, 29; 17-3,
4, 8, 12; 18A-2, 3, {8-10); 19-12; 20-15, 16;
21-5, 6, 8, 16, 18, 27, 28.
Tables 6-1; 10-1, 20; 11-1, 2; 12-2; 17-(3-5), 7; 18A-1,
{3~-7); 20-5, 5, 8, 10; 21-1, 2; 24-1 (1v, 1X,
Xil, XI11, X1V, XV1, XVII, X1¥, XX1, XXV,
KXV, XXVI]l, XXX, XXXI1D.
Figures 4-2, 8; 11-1; 12-17; 14-{62-65);, 20-6; 21-1, 3,
5.
¥ :
H,O Page 4-15.
Tables 10-20; 20-5; 24-1 {¥XXXIID).
+
HZO Tables 10-1, 20; 1€A-1, 3, 7; 24-1 (XI1I, X1v).
Figure 14-63.
+1 ‘ i
HZO Table 10-20.
Hzo' Page 17-9.
HZOZ Page 2-9,

Table 24-1 (XXIV, XX VI,

Ravision No.l, November 1972 F"'?
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H,S0,(2)
H,0

+
H,0

+
H,0' (H,0)

+
H3O (HZO)Z

+ -
H,0'(H,0),
H.0T{H.0)

37 Wity

+
H3O (1-120)5
H O+ 1.0
3 (IZ )n
+
H3O {OH)

H,0,

DO (4
H, PO, (4)
H.NO.
473

+
H,0

42

See o'(HZO).
S 0+ H. O
ee 2( 2 ).
See OZ(HZO).
See 03(HZO).
Fage 19-4,
Table i8A-7.
Pages 9-11; 16-17; 18A-8; 21-20.
Tables 16-1.1; I8A-3, 5, 7; 21-4; 24-1 (1V, X1V,
AVIII, XIX).
Pages 18A-8; 21-25.

Tables 16-1,1; 18A-3, 5; 21-4; 24-1 (1V, X1V, XVIlI
X1X}.

¥

Pages 16-17; 18A-9.
Tables 16-1.1; 18A-3, 5; 24-1 (1V, XIV, XVIIl, X1X).

Tables 16-1,1; 18A-5; 24-1 (IV, XVII, X1X),
Tables 16-1.1; 18A-5; 24-1 (1V, XVIIl, X1X),

Page 16-17,
Tables 16-1,1; 24-1 (1V).

Pages 9-11; 16-17; 18A-8; 21-20.
Tables 16-1.1; 24-1 (1V, XVII, X1X),

Page 18A-8,
Tables 18A-3; 24-1 (IV, X1V, X1X).

See OH'(HZO).
Page 19-4,

See NO' (110
ee (32 )2.
I
See H, 0 ' OH).
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W+

3
He( P
1
He(2 ' S)
3
He(”S)

.{.‘
He

See O;(HZO)Z.
See 1-13o+(}120}.
Se¢e NO+(H 0} ,.
2#3
See o;{}{20)3.
See H30+(H20)2.
See o;(H20)4.
See H,O'(H,0)..
See O;(HEO)S.
See H3O+(H20)4.
See H3o+(}120)5.
See No;(HZO)n.
See O;(HZO)H.
See H30+(I-120'-n.
Pages 2-

7, 9; 19-12; 20-15; 21-17.

APPENDIX F

(9-12); 4-1; 7-4, 10, 23; 8-4; 11-33,
15-1; 16-12, 14, 15, 17, 20, 21, 24; 18A-4,

Tables 2-2, 4; 8-2; 9-1, 3, 5; 12-2; 16-1.1, 1, 2; 18A-1,
5, 6; 20-8, 10; 21-3; 24-1 (XVIII. XX7.

Figures 2-7; 4-1; 7-3, 6; 15-1, 2; 21-4.
Table 20-10,

Table 9-5,

Table 20-10,

Tables 9-5; 20-10.

Pages 8-3; 15-45, 46; 16-18, 20, 22, 23; 18A-3, 4,

Tables 5-1, 3, 5; 16-1.1; 18A-1; 20-10.
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+
Hez Page 16-20,
Tables 16-1,.1; 18A-1,
Hg Page 20-7,
I Pages 15-21; 19-3,
Table 18A-2,
Figures 15-5, 7.
.!, .
I Pages 15-37, 41,
Table 15-1,
) Page 16-21,
Tables 16-1.2; 18A-2.
» Page 16-21,
+
5 Page 16-21,
Table 14-1.2,
K Pages 15-21, 29.
Table 8-2.
Figures 15-2, 5, 8,
K Table 9-5,
K" Pages 15-32, 35, 40; 16-18.
Tables 15-1; i6-1.1; 12A-3,5,
_.},
K (COZ) Table 18A-5.
KO Table 18A-3.
Kr Pages 15-30; 16-24.
Table 20-8.
Figures 15-1, 2.
Kr' Pages 15-32, 36, 40.
1i Page 15~-1.
Table 8-Z.
Figures 15-1, 2,
i Table 9-5.
F-12
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Pages 2-(9-12), 4-1, 8, 13, 6-8, 14, 15; 8-11, 12;
: 9-4, 12, 13, 31; 10-2, 4; 11-13, 14, 18, 27,
t 32; 12-6, 16, 17, 20; 13-({1-4); 14-1; 15-1, 21,
1 22, 25, (34-38); 16-8, 10, 22, 24;17-3, 5, 8&;
j 18A-{3-5), 7, 9; 19-4, (7-10), {12-14);
20-(3-10), 13, (15-17); 21-4, 5, 8, 15, 20,
25, 26, 28, 31; 22-1.
_ Tables 2-2, 4; 9-2, 3, 6, 7; 10-1, 13; 11-2; 12-(2-4},
E ba, 6bi 13-1, 2, 4, 6; 14-(1-3); 15-1; 16-1.2;
] 17-{4-6); I8A-1, (3-7); 19~1; 20-1}, 2, (4-6},
: (8-10); 21-(1-4); 24-1 (I, 11, IV, IX, X, XII, XIII,
d : XIV, XVI, XVIII, XXI, XXIII, XXIV, XXV, XXVI,
XXV, XXVIIH, XXX, XXXIl, XXXII,
| Figurcs 2-7; 4-1, 4, 8; 10-5, 8, 11; 12-7; 14-(29-41);
15-1, 2, (6-9); 20-1, 3, 4, 6; 21-1, 3, a,

N Pages 4-13; 5-17; 6-7; 11-14, 34; 19-7, 14; 20-(3-6);
21-4; 22-1,

Tables §-6; 26-2, 3, 10; 24-1 (XXVII, XXXII,
XXXII.

Figuves 10-5; 20-1, 3, 4.

T AT
+

N. Pages 20-3, (6-8).
Tables 10-13; 20-1, 10.
Figures 10-5; 20-1.

N (aln ) Tables 9-5, 6; 10-15; 20-1, 10.
2 8 Figure 10-5
3 gllrt: N

N, {a' z:;) Tables 10-1%: 20-1,
Figure 10-5.

3.F . .
NZ(A Zu) Pages 6-15; 20-3, {6-8).
Tables 9-6, 7; 10-13; 20-1, 4, 10, 24-1 (XX VI, XXX).
Figures 10-5, 20-1.

3 +
N {a Z) FPages 20-3, 7.
2 .
Figure 20-1.

1+
R IR
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